Currently a great number of generic drugs have been registered in Ukraine. The advantage of generic drugs is a relatively low cost compared to innovative medicines since creation and registration of generics require less research and, consequently, less material costs for development, research and market penetration of a new drug. Because of creation of the second edition of SPhU and inclusion of articles
Nifedipine is the main representative of calcium antagonists, derivatives of 1,4-dihydropyridine, which is widely used in medical practice. It blocks voltage-dependent calcium channels and prevents the penetration of calcium ions into smooth muscle cells of blood vessels. Nifedipine lowers blood pressure, improves the coronary blood flow, and exhibits the anti-anginal, hypolipidemic and antisclerotic effect. It is produced in the form of powder, solution for injections, capsules, tablets, ointment, drops and other medicinal forms [5] .
The scientific literature describes methods for quantitative determination of nifedipine by cerimetric titration in the non-aqueous medium [8] and HPLC [13, 16, 17] , voltammetry [12, 14] , polarography [7] and UV spectrophotometry [1, 6, 10] . Besides, the method of highly sensitive kinetic determination of nifedipine using the luminol-persulfate chemiluminescence system is known [11] . For the quantitative determination of nifedipine USP37-NF32 [15] the use of the method of liquid chromatography is recommended.
Because of creation of the second edition of SPhU and inclusion of articles on the finished products, we have set ourselves the goal to analyze the validation characteristics of the quantitative chromatographic determination of nifedipine in tablets and to verify the analytical procedure.
Materials and Methods
When conducting the research the substance of nifedipine meeting the SPhU requirements was used.
The following analytical equipment was used: a 2695 chromatograph with a 2996 diode matrix detector of Waters Corp. firm, USA; XTerra RP18 column 250×4.6 mm with the particle size of 5mm, a ER-182 balance of AND company, Japan; glassware for measuring of class A.
We made a chromatogram of standard sample (SS) solution receiving from 2 to 6 chromatograms. The injection volume was 25 ml. The relative standard deviation (RSD) was calculated for peak areas of the chromatograms obtained. Chromatography (n 0 ) was discontinued when reaching the values (RSD) specified in the requirements for suitability of the chromatographic system.
Chromatography was performed on a liquid chromatograph with a UV detector under the following conditions:
• mobile phase: acetonitrile for chromatography -methanol -water (25:25:50) degassed by ultrasound; • detection: at the wavelength of 265 nm; • the rate of the mobile phase: 1.0 ml/min.
Preparation of Test Solution
Place 5 tablets in a 50 ml volumetric flask, add 40 ml of the mobile phase, shake for 20 minutes, dilute to the volume with the mobile phase, mix and filter through a glass filter.
Preparation of SS solution
Place 20 mg of nifedipine USP RS in a 20 ml volumetric flask, add 10 ml of the mobile phase, shake to dissolve and dilute to the volume with the mobile phase, mix and filter through a glass filter.
Before the main tests were validated, the presence of documents certifying the suitability of the equipment, raw material and chemicals was controlled.
Validation of the method was carried out in accordance with the requirements of the SPhU [2] [3] [4] .
Results and Discussion
For elaboration of the method the chromatograms of the Standard solution of nifedipine ( Fig. 1 ) and the Test solution of nifedipine ( Fig. 2) , as well as the dependence of the intensity peaks on the retention time were obtained and analysed.
The results of the analysis are considered reliable if the requirements of the System Suitability Test are performed. The chromatographic system is considered suitable if the following conditions are performed:
• the effectiveness of the chromatographic column calculated by the peak of nifedipine in the chromatogram of nifedipine SS must be not less than 4000 theoretical plates; • the peak symmetry factor calculated by the peak in the chromatogram of nifedipine SS should be from 0.8 to 1.5;
• the relative standard deviation (RSD) for peak areas of nifedipine from the chromatogram obtained with the reference solution for 3 parallel measurements should be not less than 1.0%.
Our results of quantitative determination of nifedipine in the drug according to the method indicate its reproducibility.
Verification of the method for quantitative determination of nifedipine in tablets was performed by such validation characteristics as specificity, linearity, convergence, precision, accuracy and the intermediate precision.
To assess the accuracy of the sample preparation of the model solutions and standard sample solution the theoretical uncertainties of the analytical procedure that was Δ sp = 1.07% ≤ В • 0.32 = 1.6% were calculated. Thus, the uncertainty of sample preparation calculated and analysis in general should provide sufficient accuracy.
Since high performance liquid chromatography (HPLC) used in the method is specific, then to prove that the method is specific it is sufficient to perform all requirements of the criteria for linearity, accuracy, precision and the intermediate precision. Solutions for chromatography were prepared by the methods listed.
Evaluation of linearity was performed on the entire range of application of the method using the standard method. The study of dependence of absorbance on the concentration was conducted using 9 model solutions for analysis of the sample concentrations accurately weighed: 80, 85, 90, 95, 100, 105, 110, 115 and 120%.
The results obtained were statistically processed by the least squares method according to the requirements of the SPhU. The calibration graph was constructed in normalized coordinates (Fig. 3) . For each of the nine test solutions the average values of the peak area (S i ) were calculated. The results obtained were processed by the least squares method for line Y = b × x + a (Fig. 3) . The statistical quantities b, S b , a, S a , S r (final standard deviation) calculated and r (correlation coefficient) are shown in Fig. 3 and in Table 1 .
Requirements for the parameters of the linear dependence in this case are carried out within the whole range of the method application (80-120%). Table 2 The results of analysis of model solutions and their statistical analysis To measure and calculate the metrological evaluation of convergence and accuracy of the method three values of peak areas for the reference solution and 27 values of peak areas for model solutions were obtained. The actual values (Xi act ), the ratio of the average values of peak areas for each of 27 solutions were calculated to the mean peak area of the reference solution, the values
,, as well as the value Z i = (Y i /X i )×100%, the concentration found in % to the concentration introduced were determined. The calculation results are shown in Table 2 .
To assess the intermediate precision the relative confidence interval for 5 parallel measurements of the quantitative content of substances, which should be less than the maximum permissible uncertainty analysis results (Δ Z ≤ 1.6%), was used. Tests were carried out using one batch of the drug by different drug analysts on the same chromatograph in different days using different measuring vessels.
Intermediate precision has been confirmed by the fact that the relative size of the confidence interval for five parallel measurements of one batch of the drug meets the acceptance criterion (Δ Z = 0.22% ≤ 1.6%). CONCLUSIONS 1. In the process of verification of the method for quantitative determination of nifedipine in tablets such validation characteristics of the chromatographic method as accuracy, linearity, precision, specificity and intermediate precision have been studied.
2. The validation characteristics of the method do not exceed the critical value of error (1.6%) and are characterized by qualitative analytical indicators. This method can be correctly reproduced in the laboratory conditions, and independent of the excipients. 
